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areas in the country. Next, the general Feed-In Tariff (FiT) scheme is explained, indicating its potential 
as one of the investment options for Malaysians. Finally, the loan financing option for solar PV is 
presented, providing examples that have been implemented in other countries, as well as explaining 
the Green Technology Financing Scheme (GTFS) for companies and the proposed soft loan scheme for 
Keywords: individual households in Malaysia. It also analyses the impact of the proposed interest rate to 
Solar energy household consumers in Malaysia, in terms of total profit, net present value and internal rate of 
Se a return. It is found that the FiT scheme could potentially help in increasing renewable energy 
interest rate penetration, particularly for solar PV. To provide upfront capital for solar PV installation, it is shown 
that the GTFS is a good financial source for companies while for individual home owners, a soft loan 

facility from banking institutions is a feasible source if the interest rate is 5% or less. 
© 2012 Elsevier Ltd. All rights reserved. 
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Renewables 16.2% 


Nuclear 2.8% 


Fossilfuels 81.0% 


Wind/solar/biomass/ 
geothermal power generation 0.7% 


Biofuels 0.6% 
Biomass/ solar/ geothermal hot 
water/ heating 1.5% 


Hydropower 3.4% 


Traditional biomass 10.0% 


Fig. 1. Renewable energy share of global final energy consumption, 2009. Adapted from [8]. 


are vital to the social and economic growth of every country. In 
2011, the International Energy Outlook projected that the world’s 
energy consumption will rise from 533 Exajoules (EJ)! in 2008 to 
812 EJ in 2035, a significant growth of 53% [1]. The increase of 
energy demand occurs in countries outside of the Organization for 
Economic Cooperation and Development (non-OECD), an increase 
of 85% from 2008 to 2035, which is more than 5 times the 
requirement of the OECD countries [1]. 

This energy demand can be supplied from various resources 
which can be divided into two categories; non-renewable and 
renewable. The former is energy that cannot be replenished in the 
near future, while the latter is derived from natural processes that 
are constantly replenished [3]. Typical examples of non-renew- 
able energy sources are coal, petroleum and natural gas. As for 
renewable sources, these include energy generated from solar, 
wind, wave, biomass, geothermal and hydro [4]. Both non-renew- 
able and renewable energy sources can be used to produce 
secondary energy sources including electricity and hydrogen [3]. 

In the last decade, both the government and private sectors 
all over the world are trying to cut the dependency on fossil 
fuels, by optimising existing technologies to minimise the 
energy consumption, as well as venturing into renewable tech- 
nologies. However, a series of events that occurred recently will 
further accelerate the penetration of renewable energy resources 
as an alternative to fossil fuels. For example, in April 2010, the 
world experienced a significant oil leak as a result of a subsea 
explosion in the Gulf of Mexico. This leak has had a massive 
impact on both the environment and the economy of the 
vicinity [5]. Next, the price of oil surged from $82 per barrel in 
November 2010 to more than $112 per barrel in April 2011 amid 
fears of political unrest in the Middle East and Africa. The price is 
expected to increase in the long term, averaging more than $125 
per barrel by 2035 [1]. Also, in March 2011, radioactive leakage 
from four tsunami-damaged nuclear reactors in Fukushima 
Daiichi in Japan triggered worldwide panic [6], which conse- 
quently has greatly influenced the national energy policies in 
countries using nuclear energy. As a result of this catastrophic 
event, a number of safety measures were then implemented by 
governments worldwide, such as conducting a safety review on 
all nuclear plants (e.g., the USA, Spain and the UK), shutting 
down old nuclear plants (Germany) and suspending new nuclear 
plant approvals (China) [7]. Besides the cost factor, more and 
more people have realised that the source of energy also needs 
to have less environmental impact, which can be fulfilled by 
alternative energy sources. 

According to the report by the Renewable Energy Policy 
Network for the 21st Century (REN21) [8], presently, about 81% 


1 The figures for the world’s energy consumption in [1] are written in British 
thermal units (Btu). 1 quadrillion Btu is equivalent to 1. Exajoules (EJ) in SI 
unit [2]. 


of the world’s energy consumption is supplied by fossil fuels, 16% 
from renewable sources and the rest from nuclear, as illustrated 
in Fig. 1. The report indicates that renewable energy replaces 
fossil and nuclear fuels in four distinct markets: power genera- 
tion, heating and cooling, transport fuels, and rural/off-grid 
energy services. 

Malaysia is an example of a country which is heavily depen- 
dent on fossil fuels. But recent years, Malaysia has started to 
adopt renewable energy policies, with the climax being the 
Renewable Energy Act being legislated in 2011. 

This paper reviews the latest progress and developments of 
solar photovoltaic as one of the identified major contributor to 
renewable energy growth in Malaysia. Malaysia is a non-OECD 
country that is experiencing a strong economic growth with a 
steady increase in energy demand. To ensure the the country’s 
economy is resilient and sustainable in the long run, the Govern- 
ment of Malaysia (GoM) has started to elevate the usage of 
renewable in delivering its energy need. Section 2 presents an 
overview of Malaysia’s energy demand and its journey towards 
renewable energy implementation as well as the Malaysia Build- 
ing Integrated Photovoltaic (MBIPV) Project. The newly intro- 
duced Feed-In Tariff programme is presented in Section 3. Next, a 
loan-financial analysis on installations in Malaysia is presented in 
Section 4, indicating examples of other countries’ financial sup- 
port scheme. Conclusions are presented at the end of the paper. 
All the analysis in this paper is presented in Malaysia Ringgit 
(MYR) unless stated otherwise. For comparison, USD1.00 is 
approximately MYR3.00. 


2. Energy outlook in Malaysia 
2.1. Current energy demand in Malaysia 


Malaysia is situated in the South East of Asia, comprising of 
two regions: West Malaysia and East Malaysia. It consists of 
thirteen states and three federal territories, and has a total area 
of 329, 847 km? [9]. Malaysia had a total population of more than 
27 million in 2010 [10]. The gross domestic product (GDP) grew at 
a rate of 5.7% during the past six years [11], and the GoM has 
forecasted its economic growth to be between 5% and 6% in 2012 
[12]. Similar to other developing countries, the increase in GDP 
and economic growth will directly influence the energy consump- 
tion demand in the nation [11]. In the Ninth Malaysia Plan [13], 
it was reported that the final commercial energy sector demand 
in Malaysia increased from 1243.7 PJ (Petajoules) in 2000 to 
2217.9 PJ in 2010, an increment of close to 80%. The transport 
and industrial sectors continued to be the major energy consu- 
mers for the duration of 10 years, around 79.9% of the total energy 
in 2010, followed by the residential and commercial buildings 
sector at 12.8%, non-energy sector at 6.5% and agricultural and 
forestry sector for the remaining 0.8% [14]. Table 1 shows the final 
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Table 1 
Final commercial energy demand by sector in Malaysia (2000-2010) [13,14]. 
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Source Petajoules (PJ) Average annual growth rate (%) 
2000 2005 2010 Eighth Malaysia Plan Ninth Malaysia Plan 
Industrial? 477.6 (38.4%) 630.7 (38.6%) 859.9 (38.8%) 5.7 6.4 
Transport 505.5 (40.6%) 661.3 (40.5%) 911.7 (41.1%) 5.5 6.6 
Residential and commercial 162.0 (13.0%) 213.0 (13.1%) 284.9 (12.8%) 5.6 6.0 
Non-energy” 94.2 (7.6%) 118.7 (7.3%) 144.7 (6.5%) 4.7 4.0 
Agricultural and forestry 4.4 (0.4%) 8.0 (0.5%) 16.7 (0.8%) 12.9 15.9 
Total 1243.7 (100.0%) 1613.7 (100.0%) 2217.9 (100.0%) 5.6 6.3 
* Includes manufacturing, construction and mining. 
P Includes natural gas, bitumen, asphalt, lubricants, industrial feedstock and grease. 
commercial energy demand by sector in Malaysia from 2000 =Oil/Diesel =Coal «Gas  s=sHydro s=Other 
to 2010, a | 
The same trend is also true for electricity demand in Malaysia. 
From 2000 to 2010, the electricity demand has doubled from 200s R 
69,280 GWh to 137,909 GWh [13]. Electricity generation in 
Malaysia is largely produced from fossil fuels, mainly from © 2000 Ee | 
natural gas and coal, which constitute nearly 90% of the overall 
generation [13], as illustrated in Fig. 2. In addition, Fig. 2 clearly 1900 A | 
illustrates that the electricity in Malaysia is fully dependent on 
fossil fuel sources. Although Malaysia is ranked 16th in terms of see _ ee 
the size of its natural gas reserves [9], it is reported that the 0 20 40 60 80 100 


country could only sustain current natural gas production for 
about 29 years [15]. The supply for coal, on the other hand, is 
imported from outside of Malaysia, mainly from Indonesia (84%), 
Australia (11%) and South Africa (5%) [16]. 

This means that to sustain this increasing energy demand, 
while cutting the dependency on the fossil fuels, Malaysia needs 
to shift its energy generation to alternative energy resources. 


2.2. National policy (1980-2010) 


Since its independence, Malaysia has introduced more than 
ten policies and acts, which were closely related to the national 
energy development such as the National Depletion Policy 1980, 
Four Fuel Diversification Policy 1981, Electricity Supply Act 1990, 
Gas Supply Act 1993, Fifth Fuel Policy 2000, Energy Commission 
Act 2001, National Biofuel Policy 2006 and National Green 
Technology Policy [13,17-19]. Due to the scope of this paper, 
only policies related to solar energy will be discussed. 

Before 1980, Malaysia relied greatly on oil as the primary 
source of electricity. In 1981, Malaysia introduced the Four Fuel 
Diversification Policy, in which hydro was listed as one of the 
contributors to the nation’s energy mix 1981 [13]. As a result, 
twenty years later the dependency on oil was reduced greatly 
from about 90% in 1980 to only 4.2% in 2000, as shown in Fig. 2. 
Although hydro managed to supply around 10% of the electricity 
requirement in Malaysia, another 90% of the supply was still 
dominated by other non-renewable sources, i.e., coal and natural 
gas [18]. Oil is not considered a feasible source to generate 
electricity due to its fast depleting supply and its relatively high 
cost and thus, is mainly used as a back-up energy supply for 
emergencies [17]. In 2001, the GoM started to consider non-hydro 
renewable energy as one of the key sources of energy by 
implementing the Fifth Fuel Policy. This policy identified the 
potential in biomass, biogas, municipal waste, solar and mini 
hydro as sources of electricity generation. When this policy was 
introduced, it was aimed to generate 5% of electricity from 
renewable resources in five years’ time [20]. Unfortunately, this 
target was not reached with only 0.3% of electricity being 
generated by renewable energy by the year 2005 [13]. General 
causes for slow renewable energy development include [21]: 


(%) 


Fig. 2. Source of electricity in Malaysia. Adapted from [13,17]. 


(i) market failure—there is only one buyer i.e., the national utility 
company called Tenaga National Berhad (TNB), which results in 
an unequal bargaining position of the utility and renewable 
energy project proponents; (ii) economic, financial and technolo- 
gical constraints which limits the performance of the market; (iii) 
absence of a legal framework which prevents proper and legal 
action from being taken, and (iv) lack of institutional measures to 
meet informational and technological needs. 

In July 2009, the current Prime Minister of Malaysia, Datuk 
Seri Najib Tun Razak launched the new National Green Technol- 
ogy Policy [22]. The objectives of this policy include: (i) to 
minimise growth of energy consumption while enhancing eco- 
nomic development; (ii) to facilitate the growth of the Green 
Technology (GT) industry and enhance its contribution to the 
national economy; (iii) to increase national capability and capa- 
city for innovation in GT development and enhance Malaysia’s 
competitiveness in GT in the global arena; (iv) to ensure sustain- 
able development and conserve the environment for future 
generations; and (v) to enhance public education and awareness 
on GT and encourage its widespread use. The policy will span for 
the next 15 years, covering three Malaysia Plans. 


2.3. Solar PV as the main renewable energy 


Although there is potential in biomass, biogas, municipal 
waste and mini hydro, solar PV has been identified as the energy 
source with the highest potential in satisfying the energy needs of 
Malaysia [23]. With a strategic geographical location, Malaysia 
benefits from a large quantity of solar insolation per year, ranging 
from 1400 to 1900kWh/m?/year [15], averaging about 
1643 kW h/m?/year [24] with more than 10 sun hours per day 
[25]. It was calculated theoretically that 1 kW p of solar panels 
installed in an area of 431 km? in Malaysia could generate enough 
electricity to satisfy the electricity requirements of the country in 
2005 [24]. 
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There are two types of solar PV connections; on-grid and off- 
grid. An on-grid connection simply means that there is intercon- 
nection between the building and the national grid, allowing any 
generated electricity from solar PV to be exported into the grid. 
This type of connection is normally associated with the Feed-in 
Tariff (FiT) scheme. An off-grid connection on the other hand does 
not have any link to the national grid. This type of configuration is 
normally connected to a storage bank such as battery, which will 
store the electricity and is suitable for remote places. 

Solar PV can be designed to suit a variety of applications and 
operational requirements. The fuel (sunlight) is free and no noise 
or pollution is generated from its operation. A well designed and 
properly installed PV system will require minimal maintenance 
and has a longer service lifetime [11]. Given its potential, it is 
almost impossible not to tap into this resource for Malaysia’s 
benefits, both in rural and urban areas. However, the main 
setback and uptake of deploying this technology is high cost of 
PV modules and equipment [11]. 


2.3.1. Solar PV in urban areas 

To investigate the feasibility of solar PV in urban areas, the 
Malaysia Building Integrated Photovoltaic (MBIPV) Technology 
Application Project was launched on the 25th July 2005 [26]. The 
main objective of this programme was to reduce long-term cost of 
BIPV technology in Malaysia, which would lead to an increase in 
BIPV technology applications whilst reducing emissions of green- 
house gases. The MBIPV project focused on market development 
for BIPV technology and on building national capacity in three 
major areas: (i) policy and education; (ii) technical skill and market 
implementation, and (iii) technology development support. 

At the early stages of the MBIPV project, a study which was 
conducted in May 2006 indicated that generating electricity in 
Malaysia from solar PV has the highest potential worldwide [27]. 
The main objective of this study was similar to another study 
conducted by the International Energy Agency (IEA) Photovoltaic 
Power Systems Programme (PVPS) Task 10 [28], which was “to 
enhance the opportunity for wide-scale solution-oriented applica- 
tion of PV in the urban environment as part of an integrated 
approach that maximizes building energy efficiency and solar 
thermal and PV usage”. Selected cities in Malaysia, i.e., Kota 
Kinabalu, Penang, Kota Bharu, Kuching, Johor Bahru, Kuantan, 
Melaka and Kuala Lumpur, underwent similar measurement and 
the outcomes were compared to the result of the IEA-PVPS Task 10 
study. The findings from the study were as the following [27,29]: 


(i) the annual energy output for the selected Malaysian cities 
varies between 1170 and 1600 kW h/kW p for roof-top sys- 
tems and between 630 and 830 kW h/kW p for facade sys- 
tems. This places Malaysian cities among the top half for the 
annual energy output estimated for roof-top applications 
when compared to the 41 cities surveyed in [28]. 
the energy payback period ranges from 1.6 to 2.2 years and 
from 3 to 4 years for roof-top systems and facade systems, 
respectively. This is considerably shorter than the expected 
30 years lifetime of the installations and thus the energy 
input for manufacturing and installation of PV systems can 
be recovered well before the end of its lifetime, and 
(iii) the CO2 mitigation ranges from 20 to 40 t of CO- for roof-top 
installations and from 10 to 20 t of CO, for facade systems for 
the duration of the system. Thus, CO2 mitigation potential in 
Malaysia is relatively high. 


(ii 


we 


The MBIPV project introduced three major incentives: 
(i) SURIA 1000 and SURIA for developers; (ii) demonstration, 
and (iii) showcase. Each incentive involved varying amounts of 


investment to incentivize the installation of BIPV technology as 
well as to accelerate the programme. This project ended on the 
31st December 2010. As of May 2011, there are currently about 
1652 kW p of solar PV capacity successfully installed and com- 
missioned in four types of building—residential, commercial, 
industrial and school. Table 2 shows the breakdown of the 
installations according to building types in Malaysia. This 5-year 
project also managed to bring down the cost of PV greatly from 
MYR31410 per kW p in December 2005 to MYR19120 per kW p in 
March 2010, a reduction of about 40% of the cost. Currently, the 
price of solar PV has further reduced to MYR15000 per kW p [30]. 
Fig. 3 shows the average BIPV price per kW p from December 
2005 until Jun 2011. The regression line indicates that the average 
price is reducing approximately MYR2221 per kW p per year. 


2.3.2. Solar PV in rural areas 

As for rural areas in Malaysia, most of these areas particularly 
in the East Malaysia region, still lack basic necessities such as the 
roads, electricity and clean water. The communities in these 
remote areas still depend largely on inefficient energy sources 
such as wood fuel and kerosene [31]. To provide electricity to 
these rural regions, the GoM launched the Rural Electrification 
Programme (REP) [32] which is under the responsibility of the 
Ministry of Rural and Regional Development. There are two 
options to provide electricity; (i) grid connection from sources 
supplied by the State Electricity Authorities for areas that are 
close to grid lines and (ii) alternative methods such as solar PV, 
generator sets or solar hybrid. Knowing the solar potential, every 
year the GoM has spent significant amounts of money on the 
provision of solar powered installations for rural and remote 
communities. In the Seventh Malaysia Plan (from 1996-2000) for 
example, the GoM spent about MYR156 million on this pro- 
gramme [33], which includes powering individual homes, long- 
houses, rural schools and clinics and islands. From 1997 onwards, 
all the Independent Power Producers (IPP) operating in West 
Malaysia together with Tenaga National Berhad (TNB) started to 
provide some funding to the REP. The money is pooled in a fund 
called the Malaysian Electricity Supply Industries Trust Account 
(MESITA) [34], managed by the Electricity Supply Industries Trust 
Account Committee. Subsequently, the Ministry of Education 
(MoE) initiated the Solar Hybrid System for Rural Schools in 


Table 2 
Total capacity of solar PV in Malaysia as of May 2011 [26]. 


Type of building Number of installation Total capacity installed (kW p) 


Commercial 43 1022.27 
Residential 70 490.36 
Industrial 1 102.00 
School 8 37.00 
Total 122 1651.63 
35,000 
30,000 + 2 
7s 2 o 
z ~% 
£ 20,000 2° Ka — 
5 15,000 ‘ 
s 
= 10,000 
5,000 
0 
May-05 Oct-06 Feb.08 Jul-09 Nov-10 Apr-12 


Time (Month) 


Fig. 3. Average BIPV price per kW p in Malaysia. Adapted from [26,30]. 
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Sabah Project in 2008 aimed to electrify 78 rural schools [35]. By 
the end of 2010, the total off-grid solar PV and solar hybrid was 
estimated to have reached approximately 10 MW [36]. Table 3 
shows the list of sites for off-grid solar PV and solar hybrid 
available in each state in Malaysia. During the recent Budget 2012 
tabled by Malaysia’s Prime Minister, an additional budget of 
MYR1.1 billion has been allocated for the rural area development 


Table 3 
The list of sites for off-grid solar PV and solar 
hybrid in Malaysia. Adapted from [37]. 


State Number of sites 
Sabah 52 
Johor 13 
Sarawak 7 
Terengganu 3 
Kelantan 3 
Perak 2 
Pahang 2 
Kedah 1 
Selangor 1 
Total 84 


= Percentage of Growth in 1st Year = Percentage of Growth in 2nd Year 
462% 
Italy 
268% 


. 308% 
Spain 
422% 
| rr 302% 
Germany 
43% 


187% 


France 
47% 


0% 100% 200% 300% 400% 500% 
Fig. 4. Percentage change in annual installation levels in four European countries 


after the enactment of the FiT. Adapted from [39]. 


Table 4 
The FiT rate for solar PV in Malaysia [41]. 
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programmes, which includes the REP and will be available 
starting in 2012 [12]. 


3. Renewable Energy Act 2011 and Feed-in Tariff in Malaysia 
3.1. Overview of Feed-in Tariff 


The FiT schemes, basically means renewable energy producers 
will be paid a set rate (tariff) for each unit of electricity fed into 
the grid, and generally obliges the power companies to purchase 
all the electricity from eligible producers in their service area over 
a long period of time—usually 15 to 20 years. As of 2011, the FiT 
has been enacted in 80 countries [8]. 

A research conducted by the Fraunhofer Institute for Systems 
and Innovation Research (ISI) published in 2010 [38] concluded 
that in most European countries with significant PV deployment, 
the vast majority of installations have occurred following the 
introduction of an FiT scheme. This is clearly indicated by strong 
growth of solar PV in Germany and Spain, until recently when the 
government of Spain amended its policies for solar. Recent tariff 
introductions in Italy, France, Portugal, Czech Republic and 
Slovenia have led to the stimulation of previously insignificant 
markets for PV. The FiT policies have led to the deployment of 
more than 15,000 MW of solar PV power between 2000 and 2009 
in Europe [38]. In many European countries, the annual solar PV 
installation increased in excess of 300% in the first year of FiTs 
[39], as illustrated in Fig. 4. Globally, Fils are responsible for 
approximately 75% of PV installations [38]. In 2010, solar PV was 
identified as the fastest growing renewable technology, followed 
by biodiesel and wind [8]. Grid-connected solar PV has an average 
annual growth of 81%, mainly driven by the feed-in tariff 
schemes [8]. 

Malaysia is convinced that FiT is the way forward to accelerate 
the growth of renewable energy. The 2011 document [40] states, 
“The Ministry of Energy, Green Technology and Water has 
conducted a thorough study on the effectiveness of the major 
renewable policy instruments practiced globally. The findings of 
the study showed that FiT is the most effective renewable energy 
policy mechanism in promoting and sustaining renewable energy 
growth.” The FiT scheme was introduced in Malaysia by the 
Parliament passing the Renewable Energy Act 2011 (REA) in April 
[41]. As mentioned in the preamble to the REA, its creation is with 


Renewable Description of qualifying renewable Feed-in Tariff Rate (MYR/kWh) Effective Period -commencing Annual degression 
resource energy installation from the feed-in tariff rate (%) 
commencement date (year) 
Solar photovoltaic (a) Renewable energy installation having an installed Basic feed-in tariff rate 
capacity of: 
(i) up to and including 4 kw 1.23 21 8.0 
(ii) above 4 kW, and up to and including 24 kw 1.20 21 8.0 
(iii) above 24 kW, and up to and including 72kW_ 1.18 21 8.0 
(iv) above 72 kW, and up to and including 1 MW 1.14 21 8.0 
(v) above 1 MW, and up to and including 10 MW 0.95 21 8.0 
(vi) above 10 MW, and up to and including 30 MW 0.85 21 8.0 
(b) Renewable energy installation having any one or Bonus feed-in tariff rate in 
more of the following criteria in addition to (a) above: addition to basic feed-in tariff rate 
(i) use as installations in buildings or building +0.26 21 8.0 
structures 
(ii) use as building materials +0.25 21 8.0 
(iii) use of locally manufactured or assembled solar +0.03 21 8.0 
photovoltaic modules 
(iv) use of locally manufactured or assembled solar +0.01 21 8.0 


inverters 
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a specific purpose, which is to establish and implement a special 
tariff system or FiT to catalyze the generation of renewable 
energy from 2011 onwards. The feed-in tariff system will be 
administered and implemented by a new entity called the 
Sustainable Energy Development Authority (SEDA) created by 
its Act. 

The FiT in Malaysia puts much emphasis on solar PV. In 
Malaysia’s case, only two meter readings are required, these are 
the generation and the import meter. All the electricity generated 
will be exported to the national grid. Table 4 shows the rate for 
the amount of electricity generated using solar PV, ranging from 
MYRO.85 to MYR1.23 per kWh produced, depending on the 
installed capacity. Additional bonuses are also introduced on 
top of the basic FiT rate (ranging from MYRO.01 to MYRO.55 per 
kWh) when the installation meets specific criteria. It has a 
payback period of 21 years and the degression rate is 8% per year 
[41]. The launching date for the implementation of the FiT is 
scheduled for the 1st December 2011 [42]. 

Catalyzed by the FiT scheme, renewable energy sources are 
expected to play a significant role in Malaysia, with a projected 
cumulative capacity of 11.5 GW by 2050. From this, close to 9 GW 
is expected to come from solar PV, as illustrated in Fig. 5 [21]. 
However, to ensure that the FiT scheme works successfully in 
Malaysia, several issues must be effectively addressed by the law. 
These are: (i) the electricity generated must have guaranteed 
access to the grid; (ii) the local approval procedures have to be 
streamlined and clear; (iii) the FiT rate has to be high enough to 
generate sufficient returns and profit; (iv) the FiT rate is fixed for 
a long period for business certainty and security; (v) there has to 
be an adequate degression rate to achieve grid parity; (vi) there 
has to be sufficient fund created to pay the FiT rate for the whole 
contract period, and (vii) a competent agency is available to 
implement the FiT [43]. 


3.2. Is FiT a good investment? 


A Malaysian household has an average monthly income of 
MYR4025 per month [10], where around 60% of them gain around 
MYR3500 or less [10]. A typical Malaysian household spends 
around MYR2190 monthly on various commodities and outputs, 
as shown in Fig. 6, where about 23% of the expenditure is spent to 
pay their utilities [10]. At the moment, Malaysia is one of the 
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Fig. 5. Cumulative value of the renewable energies in Malaysia (2011-2050). 
Adapted from [21]. 
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Fig. 6. Average household expenditure of a typical Malaysian. Adapted from [10]. 


countries with the highest household debt, about 75.9% of the 
GDP [44], where the largest proportion of the loan is for 
purchasing properties and vehicles [45]. The GoM has been 
working hard in order to turn Malaysia into a high-income nation 
by 2020 [46]; and a possible way to generate a stable extra 
monthly income from home is through the FIT, i.e., by installing 
solar panels on the rooftop. 

As mentioned earlier, one of the requirements to implement 
the FiT is to ensure that the scheme generates a good return and a 
reasonable profit. Recently, a comparative financial study was 
conducted to analyse the viability of the FiT in Malaysia and other 
countries in the world [47]. This study assumed a 2.5 kW p PV 
panel installed in nine different world capitals, i.e., London (UK), 
Berlin (Germany), Rome (Italy), Washington D.C. (USA), Cape 
Town (South Africa), Tehran (Iran), Seoul (South Korea), Bangkok 
(Thailand) and Kuala Lumpur, (Malaysia). The study takes into 
account the PV cost in each country, the amount of solar 
insolation at each location and the rate of the FiT. It was assumed 
that the solar panel is fully paid for at the beginning of the 
installation. The study concluded that the FiT scheme in Malaysia 
is lucrative and could generate a reasonable return to the home 
owner, i.e., the second highest among the nine countries with an 
income of more than MYR100000 throughout the contract dura- 
tion. In addition, it has the shortest payback period i.e., 10 years. 

Another study was also carried out to analyse the return from 
a solar PV installation as a form of investment compared to other 
investment tools available in Malaysia [19]. Malaysians have the 
opportunity to invest in unit trusts, national unit trusts, Employee 
Provident Fund (EPF) government bonds, fixed deposits and 
savings accounts. This study, however, indicates that the FiT 
return is one of the lowest compared to most of the investment 
tools available in Malaysia, which further suggests that Malay- 
sians might not be interested in considering solar PV as a form of 
investment. 

Both studies ([19,47]) indicated that the high capital cost of 
solar PV systems make them unattractive amongst Malaysians. 
This is confirmed by a similar analysis [48] completed in 2009 
which found that Malaysians will only invest in the solar PV 
systems if the cost is lower than MYR5500 per kW p; around a 
third of the current market price. As a solution to this, the GoM 
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through the Ministry of Energy, Green Technology and Water is 
proposing to provide financial assistance to start renewable 
energy projects, which includes solar PV installations [30,49]. 


4. Loan financing for solar PV 
4.1. International practices 


Together with the FiT, other financial incentives have proven 
to be crucial in accelerating the renewable energy penetration 
worldwide. Some of them include giving a subsidy for the initial 
capital cost of installation, providing soft loans with low interest 
rates and interest reduced mortgages for homes with PV as well 
as tax relief [50]. Germany for example, launched its 100,000 
Roofs Programme (HTRP) for PV systems in 1999 [51]. To finance 
this project, the programme offered loans via German KfW 
(Kreditanstalt fiir Wiederaufbau, Reconstruction Loan Corpora- 
tion) at a 0% interest rate for PV systems, and a waiver of the last 
instalment of up to 12.5% of the investment [52]. Initially, instead 
of 18 MW p PV systems, the programme only achieved around 
50% of the target at the end of the first year, but this trend 
changed after the amendment on the Renewable Energy Sources 
Act (EEG) in April 2000 in which an FiT scheme was introduced 
[53,54]. Starting from February 2000, the number of applications 
to the HTRP rose dramatically and the installation reached 
36 MW p by the end of that year. Due to the sharp increase in 
the financial loan applications for solar PV, the German KfW 
increased the loan interest rate to 1.9% in May 2000 and the 
payment of the last instalment was not remitted any longer [52]. 
The amount of the loan was also limited to €6900 per kW p for the 
first 5 kW p and to €3450 per kW p for every kW p exceeding 
5 kW p [52]. Even with the changes in the guideline, the demand 
for solar PV financing was still high. In total, from 1999 to 2003, 
45,858 PV systems with capacity of 345.5 MW p were subsidized 
in the HTRP, with total loans amounting to €1.72 billion [52]. 

In recent developments in Italy and Spain, two world-leading 
countries in terms of installed solar PV, secured massive invest- 
ments from the Deutsche Bank [55]. The bank agreed to finance 
two solar PV parks, one in Canaro, Italy and another one in Toledo, 
Spain with a capacity of 48 MW p and 15.3 MW p, respectively. 
The total loan amount is approximately €160 million. 

Similar to Germany, a FiT programme was enacted in Korea in 
2004 [8], where the Korean Government introduced a 100,000 
roof-top program to stimulate the local grid market [56]. To help 
this, the government provided a capital grant of up to 60% of the 
system cost for installation up to 3 kW p as well as a financial 
loan with very low interest [56]. These supported programs 
helped to boost the PV growth in Korea by six fold, from 
13 MW in 2005 to 78 MW in 2007 [56]. 

Although there is no FiT scheme in New York, USA, the New 
York State Energy and Research Development Authority 
(NYSERDA) offers a cash incentive for home owners depending 
on the system size. A homeowner is eligible for an incentive of 
$4.00/watt, up to the first 5 kW installed, and declines to $3.00/ 
watt for the next 5 kW, up to a limit of 10 kW [57]. An installation 
of a6 kW p solar PV will enable the homeowner to get a payment 
of $23,000. On top of that, NYSERDA also offers an interest rate 
buy-down program to homeowners [57]. In this program, the 
homeowner enters into an agreement to borrow money from a 
bank to finance solar panel purchase. NYSERDA will make a one- 
time payment to the bank to bring down the borrower’s interest 
rate by up to 4%. For example, if a bank is willing to lend money to 
a homeowner for a PV system at a rate of 8%, the interest rate will 
be reduced to 4% after the NYSERDA buy-down. Each homeowner 
could borrow up to $20,000 with a maximum tenure of 10 years 


Table 5 
Certified project under the GTFS as of 15 July 2011 [49]. 


Sector 2010 2011 Total 
User Producer User Producer 

Building 1 1 2 2 6 

Energy 10 25 T 16 58 

Waste & Water 2 18 1 10 31 

Transport 0 0 0 5 5 

Total 13 44 10 33 100 


[57]. As a result, New York is ranked 7th among the states in the 
USA in terms of grid-connected cumulative installation, reaching 
about 50 MW [58]. 

The United Kingdom, which recently launched its own FiT 
scheme in April 2010, has seen a boom in solar PV installation. 
After five months since the launch of the FiT scheme, there were 
3606 installation of PV in domestic houses, with a capacity of 
8.457 MW [59]. To further accelerate the renewable energy 
penetration, the UK Government also plans to introduce a green 
investment bank with a total funding of £1 billion [60]. The 
proposed interest rate is between 5% and 6% [61]. A recent survey 
from Which? indicates that UK residents could gain as much as 
£10,500 over 25 years if they take a personal loan from commer- 
cial organizations such as Tesco, Sainsbury and the Post Office, 
where the loan interest could vary from 6% to 9%, depending on 
the loan period [62]. 

Malaysia also provides a number of fiscal incentives to 
help promote the usage of renewable technology. This includes 
the Green Technology Financing Scheme (GTFS), Pioneer Status 
(PS), Investment Tax Allowance (ITA), and exemption from pay- 
ment of Import Duty and/or Sales Tax on machinery, equipment, 
materials, spare parts and consumables [18,23,63]. The most 
recent incentive consists of a soft loan scheme for residential 
consumers [30]. The next sections of this paper focus on the GTFS 
and the soft loan financing scheme for the individual household 
only. 


4.2. Green Technology Financing Scheme for companies 


To encourage the companies/commercial sectors to implement 
renewable technologies in Malaysia, the Green Technology Finan- 
cing Scheme (GTFS) [49] was introduced in 2010 with a fund size 
of MYR1.5billion. This fund is expected to help companies that 
supply or utilize GT, with a maximum value of MYR10 million per 
consumer company and MYR50 million per producer company 
with the financing tenure of the fund being 10 years and 15 years 
respectively. There are four sectors of which companies could 
apply for which are: (i) building, (ii) energy, (iii) waste and water, 
and (iv) transport. The GoM will shoulder 2% of the total interest 
rate, as well as provide a guarantee of 60% on the financing 
amount via Credit Guarantee Corporation Malaysia Berhad (CGC), 
with the remaining 40% financing risk to be borne by participating 
financial institutions. As of July 2011, 100 GT project have been 
certified totalling to approximately MYR207 million in funding. 
Table 5 indicates the breakdown of the certified projects under 
the GTFS since its launch date. 


4.3. Financing Scheme for Household Consumers 


It is reported that the banking institutions in Malaysia are 
interested in providing loans to household consumers to purchase 
solar panels. The GoM is currently discussing with the Central 
Bank of Malaysia on creating specific guidelines which will be 
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used by all banking institutions. The GoM is proposing an interest 
rate ranging from 4% to 5% for the loan scheme [30]. 

It is normal practice for Malaysians to take loans from banks to 
finance their properties, vehicles, personal loans and credit card 
payments [45]. There are two types of interest rates available in 
Malaysia; fixed rate and floating rate [64]. The fixed rate value 
will remain the same throughout the loan tenure. The floating 
rate takes into account the difference between the base lending 
rate (BLR) of the financial institution and an ‘agreeable’ rate. For 
example, a bank could offer a rate of BLR 6.6% and an ‘agreeable’ 
rate of 2.5%; the effective interest rate of the loan will be 4.1%. The 
BLR will vary depending on the current economic status, and is 
contingent on the Overnight Policy Rate (OPR) determined by the 
Central Bank. The Central Bank of Malaysia requires that both the 
fixed and the floating rate must not exceed the value of 10% [64]. 
As of October 2011, the BLR of all banking institutions in Malaysia 
varies between 6.20% and 6.60% [64]. 

This section will analyze the impact of the interest rate on 
three things: the total profit generated over the period of FiT 
contract, the net present value (NPV) and the internal rate of 
return (IRR)* . The nomenclatures required for the financial 
analysis are available in Table 6. The total profit (Pr) is obtained 
by deducting the total cost (down payment (Cpp), total loan 
repayment (C,), total cost of operation and maintenance (Cogm) 
and total cost of replacing the inverter (Cr-nv)) from the total 
revenue (Rz7-pir) generated from the FiT as illustrated in Eq. (1). 


Pr =Ry_gir—(Cpp + Cr +Coam + Gv) ad) 


To obtain the annual revenue generated from the FiT (Ran-rir), 
this is calculated by multiplying four parameters: the power 
rating of the PV panel (Ppy), the average yearly solar insolation 
(SI), the overall efficiency of the whole PV and the FiT rate (Rpir) as 
indicated in Eq. (2). A 4kWp solar panel is expected to cost 
around MYR60000 [30] while the inverter cost (Ciny) is MYR4500, 
and needs replacement every 10 years [65]. Taking into account 
the losses in the balance-of-the-system, the overall efficiency of 
the solar panel is assumed to be 0.75 [27]. To maximize the profit, 
the highest value of the FiT rate is chosen, i.e., MYR1.78? . The 
annual cost of O&M (Can-oam) is assumed to be 1% of the capital 
cost of the solar PV system (Cpy) [66]. Assuming the down 
payment for the loan is 10% of the capital cost, i.e., MYR6000, 
while the balance will be covered by the bank, the annual loan 
repayment (Can-,) is calculated using the compounding formula 
indicated in Eq. (3) [67], where the capital cost of solar PV, the 
loan interest rate (i) and the loan tenure (T,) are taken into 
account. For the purpose of this analysis, the calculation will last 
for the duration of FiT contract, i.e., 21 years. The total profit must 
be a positive value and should be as high as possible to ensure 
that the investment generates a good income for the home owner. 
Table 6 shows all the parameters needed to calculate the value of 
the total profit. 


Ran—rit = Ppy*Sl*(Egp)*(Reit) (2) 
0.9%Cpy2(1 +i)": 
Can-L = DnD (3) 


The NPV is a measure which involves a series of cash flows for 
the lifetime of the solar PV system which enables the ‘profits’ to 
be seen [68]. It involves summing discounted future cash flow 
(CF), (in this case the net annual income), for the whole contract 


? The IRR in this paper is referring to nominal IRR. If the inflation rate is taken 
into account, the term is called real IRR, which is relatively lower than nominal 
IRR. 

3 This is only applicable when the installation is carried out until year 2013. 
An 8% degression rate is applicable from 2014 onwards. 


Table 6 
The nomenclatures and parameters needed for the financial analysis. 


Item Abbreviation Unit Quantity 
Annual cost of operation and CaN-O&M MYR 600 
maintenance 
Annual loan repayment CaN-L MYR 
Annual revenue generated from the Ran-rir MYR 8,773.62 
FiT 

Average yearly solar insolation SI kW h/m?/ 1,643 
year 

Capital cost of solar PV system Cpv MYR 60,000 

Cash flow CF MYR 

Contract period Tn Year 21 

Cost of operation and maintenance Cogm MYR 12,600 

Cost of replacing one inverter Cinv MYR 4,500 

Discounted rate fä % 10 

Down payment Cop MYR 6,000 

Efficiency Egg - 0.75 

FiT rate Rrit MYR 1.78 

Internal rate of return IRR % >10 

Loan interest rate i % 0 to 10 

Loan tenure Te Year 4 to 20 

Net present value NPV MYR >0 

Solar PV system power rating Poy kW p 4 

Total cost of replacing the inverter Cr-v MYR 9,000 

Total loan repayment an MYR 

Total profit Pr MYR >0 

Total revenue Rr-fiT MYR 184,246.02 


period (Ty), before deducting the initial capital investment, as 
illustrated in Eq. (4). The discounted rate, (rg) chosen for this is 
selected to be 10%* [66]. In this case, the initial capital cost will be 
the down payment of the loan, i.e., MYR6000. A positive value of 
NPV indicates that the investment is feasible while a negative 
value implies that the investment should be discarded [68]. 
N CFr 


NPV =-CFo+ $` 


Ca 4) 
Ema atra) : 


As for the IRR, this can be defined as the growth rate of the 
project, which is found when the NPV value is equals to zero. For 
any solar PV installation, the proposed IRR value should be 
minimum 10%° [70]. In general, the higher the IRR, the more 
desirable the project becomes [71]. The formula for the IRR is 
shown in Eq. (5) and the polynomial equation can be solved either 
by using Newton-Raphson method or linear interpolation [72]. 


0=-CFy4 a CFr (5) 
ON £4 IRR) 


i 


Tables 7 and 8 show the examples of the projected cash flow of 
a solar PV project, without and with loan financing respectively. If 
no loan is taken, the total profit is calculated to be MYR102646.02, 
the NPV is MYR8287.30 and the IRR is 11.97%. The payback period 
equals 6.96 years. 

When a loan is considered, a series of scenarios are analyzed. 
The interest rate is varied between 0% and 10%, and the duration 
of the loan tenure is also investigated, ranging from 4 to 20 years. 
The detailed results of the total profit, NPV and IRR are available in 
the Appendix (Tables A.1-A.3). Fig. 7 shows the results of the 
analysis. 


4 The discount rate chosen base on the IEA Technology Roadmap-Solar Photo- 
voltaic Energy study which can be retrieved in [66]. A similar value of discount rate 
is used by in IEA Energy Technology Perspectives 2010—Scenarios & Strategies to 
2050 which is available in [69]. 

5 The IRR value varies depending on the inflation rate. The study in [70] 
indicates that a 2% inflation rate could generate an IRR between 7% and 12%. To 
simplify the analysis, the mean value of the IRR is chosen, i.e., 10%. 
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Table 7 


An example of the projected cash flow of the solar PV project without loan financing. 


Year Energy yield FiT rate Annual revenue Loan repayment O&M cost Replacement of Net annual Cumulative cash 
(kW h/kW p/year) (MYR) from FiT (MYR) (MYR) (MYR) inverter (MYR) cash flow (MYR) flow (MYR) 
1 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 8,173.62 
2 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 16,347.24 
3 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 24,520.86 
4 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 32,694.48 
5 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 40,868.10 
6 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 49,041.72 
7 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 57,215.34 
8 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 65,388.96 
9 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 73,562.58 
10 4929.00 1.78 8,773.62 0.00 600.00 4500.00 3,673.62 77,236.20 
11 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 85,409.82 
12 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 93,583.44 
13 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 101,757.06 
14 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 109,930.68 
15 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 118,104.30 
16 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 126,277.92 
17 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 134,451.54 
18 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 142,625.16 
19 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 150,798.78 
20 4929.00 1.78 8,773.62 0.00 600.00 4,500.00 3,673.62 154,472.40 
21 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 162,646.02 
Total 184,246.02 0.00 12,600.00 9,000.00 162,646.02 162,646.02 

Table 8 
An example of the projected cash flow of the solar PV project with loan financing (3% interest rate and loan tenure of 9 years). 
Year Energy yield FiT rate (MYR) Annual revenue Loan repayment (MYR) O&M cost (MYR) Replacement of Net annual Cumulative cash 


(kW h/kW p/year) from FiT (MYR) inverter (MYR) cash flow (MYR) flow (MYR) 
1 4929.00 1.78 8,773.62 7,828.64 600.00 344.98 344.98 
2 4929.00 1.78 8,773.62 7,828.64 600.00 344.98 689.96 
3 4929.00 1.78 8,773.62 7,828.64 600.00 344.98 1,034.94 
4 4929.00 1.78 8,773.62 7,828.64 600.00 344.98 1,379.92 
5 4929.00 1.78 8,773.62 7,828.64 600.00 344.98 1,724.90 
6 4929.00 1.78 8,773.62 7,828.64 600.00 344.98 2,069.89 
7 4929.00 1.78 8,773.62 7,828.64 600.00 344.98 2,414.87 
8 4929.00 1.78 8,773.62 7,828.64 600.00 344.98 2,759.85 
9 4929.00 1.78 8,773.62 7,828.64 600.00 344.98 3,104.83 
10 4929.00 1.78 8,773.62 0.00 600.00 4500.00 3,673.62 6,778.45 
11 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 14,952.07 
12 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 23,125.69 
13 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 31,299.31 
14 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 39,472.93 
15 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 47,646.55 
16 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 55,820.17 
17 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 63,993.79 
18 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 72,167.41 
19 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 80,341.03 
20 4929.00 1.78 8,773.62 0.00 600.00 4,500.00 3,673.62 84,014.65 
21 4929.00 1.78 8,773.62 0.00 600.00 8,173.62 92,188.27 
Total 184,246.02 70,457.75 12,600.00 9,000.00 92,188.27 92,188.27 


Any interest rate of 5% or lower with a loan tenure ranging 
from 4 to 20 years is viable since it meets all the criteria of 
feasible investment. In general, the amount of total profit, the NPV 
and the IRR are higher if the interest rate is smaller. When the 
interest rate is 6%, the appropriate loan tenure will be 12 years 
maximum. A 7% interest rate is possible to take if the loan 
duration is a maximum of 8 years while an 8% interest rate is 
only feasible if the loan tenure is less than or equal to 6 years. If 
the chosen rate is 9%, the tenure must be less than or equal to 
4 years. No loan should be taken if the interest rate is 10%. 

Based on these calculations, the proposed interest rate of 4% to 
5% by the GoM is considered feasible for Malaysian context. 
However, if the GoM is serious about promoting solar as the 


main RE, it is also advisable to perhaps propose an even 
lower interest rate, maybe between 2% and 3%. The loan tenure 
also must be a maximum 10 of years, to ensure that the return 
gain by the home owner is as high as possible. This will enable 
the home owner to gain a total profit of about MYR84000 to 
MYR98000 for the duration of 21 years. With a MYR6000 down 
payment, an interest rate of 2% for a tenure of 10 years will 
generate an extra cash flow of MYR133 a month for the first 10 
years and about MYR681 a month for the next 11 years. This can 
act not only as the catalyst to increase solar energy penetration, 
but also as a tool to increase Malaysians’ monthly income hence 
helping in achieving Malaysia’s target of becoming a high-income 
nation. 
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The loan financing is feasible if: 
4. Total Profit is > 0 
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Fig. 7. Analysis of the effect of various interest rates on the total profit, the NPV and the IRR using different loan tenure. The interest rate is (a) 0%, (b) 1%, (c) 2%, (d) 3%, (e) 
4%, (f) 5%, (g) 6%, (h) 7%, (i) 8%, (j) 9% and (k) 10%. 
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However, the GoM must ensure that the public is aware of this 
financing incentive, since some studies indicate that general 
Malaysian awareness level relating to renewable energy is still 
very low [19,48]. Without proper awareness schemes, people 
might not choose to invest, particularly if this means taking more 
loans from the bank, on top of their existing loans for properties 
and vehicles [45]. Another important point is to relax the 
requirement on applying for solar PV loans. This is because; the 
installation of PV is considered a low-risk investment, with 
guaranteed returns [70]. Hence it is highly unlikely for borrowers 
to default on loan repayments. 


5. Conclusions 


1. Solar energy has significant potential for suplementing energy 
requirement in Malaysia. The GoM has proposed a number of 
policies to increase the renewable energy penetration in 
Malaysia, particularly for solar PV. From 2005 until 2010, the 
MBIPV project was the driving force to accelerate solar PV 
penetration in Malaysia. 

2. The recent introduction of the FiT scheme is likely to become 
the key driver to further boost the solar PV industry in 
Malaysia; this has already successfully happened in 
Germany, Italy and the UK. It has been calculated that the 
FiT rate in Malaysia generates reasonable revenue and profit, 
but additional financing support schemes will be required to 
start implementing solar PV installations, due to high 
initial costs. 

3. The GoM has introduced a number of additional financial 
support schemes. GTFS is a good financial source for compa- 
nies to invest in solar PV. As for individual homeowners, a soft 
loan from banking institution is feasible if the interest rate is 
5% or less. 


Table A.1 
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4. However, based on recent surveys that were conducted in [19] 
and [48], they concluded that Malaysians have a low level of 
understanding of the numerous incentives, despite the fact 
that the solar PV industry has shown an increase in terms of 
the number of installations. With low levels of awareness on 
renewable energy policies in Malaysia, it is not surprising that 
Malaysians would not want to invest in renewable energy. 
This appears to be one of the major barriers for the FiT 
scheme—especially solar PV. 

5. It is recommended that the GoM, together with the 
private sector, (i) provide sufficient awareness about renew- 
able technology and financial incentives (FiT and the green 
financing scheme) via the mass media and other outlets, (ii) 
create a low interest rate loan, perhaps between 2% and 3% 
with a shorter loan tenure of maximum 10 years, to accelerate 
the solar PV installation (as shown by positive developments 
in Germany, Korea and the UK), and (iii) relax the require- 
ments to apply for the loan. If these measures take place, it 
might be possible to see high penetration of renewable energy 
in Malaysia. 
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Appendix 


See Tables A.1-A.3. 


Total profit (in MYR) for the solar PV installation under various loan interest rate and different loan tenure. 


Loan tenure (year) Interest rate (%) 


0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 
4 102,646.02 100,453.40 98,194.68 95,868.54 93,473.66 91,008.68 88,472.26 85,863.04 83,179.62 80,420.61 77,584.62 
6 102,646.02 99,323.93 95,833.25 92,167.20 88,318.79 84,280.86 80,045.99 75,606.58 70,954.81 66,082.61 60,981.73 
8 102,646.02 98,171.76 93,376.41 88,240.44 82,743.29 76,863.43 70,578.22 63,863.97 56,695.79 49,047.64 40,892.22 
10 102,646.02 96,996.43 90,820.32 84,074.54 76,712.83 68,685.71 59,940.24 50,419.85 40,064.07 28,808.38 16,583.93 
12 102,646.02 95,797.47 88,160.96 79,654.93 70,190.28 59,669.78 47,987.41 35,027.67 20,664.83 4,762.12 (12,829.11) 
14 102,646.02 94,574.41 85,394.17 74,966.17 63,135.49 49,729.71 34,557.21 17,405.18 (1,962.44) (23,807.24) (48,418.89) 
16 102,646.02 93,326.77 82,515.59 69,991.87 55,505.03 38,770.79 19,467.03 (2,770.82) (28,354.88) (57,750.50) (91,482.52) 
18 102,646.02 92,054.06 79,520.72 64,714.63 47,251.93 26,688.58 2,511.71 (25,870.32) (59,139.03) (98,078.48) (143,589.51) 
20 102,646.02 90,755.76 76,404.86 59,116.01 38,325.37 13,367.94 (16,539.30) (52,316.94) (95,045.67) (145,992.16) (206,638.98) 
Note: Italicized values indicate that the loan initiatives are not feasible to finance the solar PV installation. 
Table A.2 
The NPV (in MYR) for the solar PV installation under various loan interest rate and different loan tenure. 
Loan tenure (year) Interest rate (%) 
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 
4 19,494.12 17,756.54 15,966.58 14,123.19 12,225.33 10,271.92 8,261.89 6,194.17 4,067.65 1,881.23 (366.20) 
6 23,089.95 20,678.53 18,144.72 15,483.62 12,690.15 9,759.11 6,685.11 3,462.65 86.04 (3,450.57) (7,153.19) 
8 26,276.55 23,292.82 20,094.96 16,669.96 13,004.10 9,083.02 4,891.63 414.12 (4,366.09) (9,466.38) (14,904.95) 
10 29,106.64 25,635.21 21,840.26 17,695.26 13,171.81 8,239.50 2,865.79 (2,984.09) (9,347.26) (16,263.40) (23,774.79) 
12 31,625.69 27,737.03 23,400.96 18,571.17 13,197.07 7,223.45 590.11 (6,768.53) (14,923.86) (23,953.54) (33,941.98) 
14 33,872.93 29,625.72 24,795.15 19,308.02 13,082.81 6,028.80 (1,954.85) (10,980.11) (21,171.19) (32,665.76) (45,616.21) 
16 35,882.28 31,325.34 26,038.87 19,915.00 12,831.20 4,648.46 (4,790.73) (15,664.63) (28,174.77) (42,548.69) (59,043.04) 
18 37,683.06 32,857.00 27,146.39 20,400.23 12,443.63 3,074.27 (7,941.54) (20,873.35) (36,031.71) (53,773.85) (74,510.22) 
20 39,300.68 34,239.25 28,130.39 20,770.90 11,920.78 1,296.95 (11,433.91) (26,663.67) (44,852.36) (66,539.17) (92,355.20) 


Note: Italicized values indicate that the loan initiatives are not feasible to finance the solar PV installation. 
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Table A.3 
The IRR (in percentage) for the solar PV installation under various loan interest rate and different loan tenure. 
Loan tenure (year) Interest rate (%) 
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 
4 18.49 17.42 16.41 15.45 14.54 13.67 12.84 12.06 11.30 10.58 9.89 
6 23.87 21.53 19.41 17.48 15.73 14.12 12.65 11.29 10.03 8.86 7.76 
8 33.23 28.34 24.08 20.43 17.29 14.59 12.24 10.17 8.33 6.67 5.17 
10 47.31 39.20 31.54 24.87 19.42 15.06 11.53 8.60 6.12 3.98 2.08 
12 61.07 51.65 41.50 31.28 22.33 15.47 10.37 6.45 3.31 0.67 (1.61) 
14 71.73 62.04 51.01 38.70 26.08 15.71 8.56 3.52 (0.33) (3.48) (6.17) 
16 79.81 70.02 58.61 45.31 30.15 15.63 5.76 (0.64) (5.36) (9.20) (12.51) 
18 86.10 76.22 64.48 50.49 33.71 14.92 0.98 (7.58) (13.94) (19.27) (24.00) 
20 91.12 81.16 69.09 54.41 36.34 13.01 (13.18) (31.24) (43.88) (53.39) (60.90) 


Note: Italicized values indicate that the loan initiatives are not feasible to finance the solar PV installation. 
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